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The under-reporting of energy intake influences the dietary pattern reported by obese women in the waiting list for bariatric surgery
A subnotificação do consumo energético influencia os resultados de padrão alimentar relatado por mulheres obesas na fila de espera para cirurgia bariátrica
Michele Novaes RAVELLI 
A B S T R A C T Objective
To verify the interference of the energy intake under-reporting in the determination of the dietary patterns and nutrient intakes reported by obese women in the waiting list for bariatric surgery.
I N T R O D U C T I O N
Food intake surveys used in nutritional epidemiology studies are based on self-report methods, which may cause intra-or interpersonal errors, affecting the results [1] . Energy intake under-reporting is a great challenge for nutrition studies [1] [2] [3] . This condition can be influenced by social and cultural issues, such as the level of schooling of the participant and social norms regarding the expected consumption behaviors. Under-reporting may also be related to the characteristics of the food, depending on which may make it difficult to perceive the amount consumed and need to know the specificities of food consumption [2, 3] .
Under-reporters are identified by the premise that the Reported Energy Intake (EI rep ) of individuals with stable weight should be equal to their Total Energy Expenditure (TEE) [4] . Although the variables of this statistically derived equation are imprecise, the minimum plausible energy intake can be calculated and expressed as multiples of the Resting Energy Expenditure (REE) [4, 5] . Although, this approach does not differentiate between the under-reporting of nutrients, foods, or food groups.
The introduction of dietary pattern assessment by multivariate statistical methods was an important advance for nutritional epidemiology studies, enabling dietary assessment based on the characteristics of the foods consumed [6, 7] . Factor and clusters analysis are the multivariate statistical methodologies commonly used in nutritional epidemiology for the characterization of food behavior and verification of the relationship between food and nutrient consumption with the health status of the individuals [6, 7] . However, dietary pattern studies do not always check whether the reported intake is plausible, even though this factor has a great impact on the results.
Although excessive food intake is one of the main determinants of obesity and chronic diseases, overweight individuals are the greatest energy intake under-reporters, even though less accurate food intake data do exist [8] [9] [10] . Epidemiological studies often verify the associations between eating patterns and obesity and chronic diseases [11, 12] however; few evaluate these associations in morbidly obese people [13] , especially in the waiting list for bariatric surgery.
Therefore, the aim of this study was to verify the interference of under-report of energy intake in the determination of the dietary patterns and nutrient intakes reported by obese women in the waiting list for bariatric surgery.
C A S E S A N D M E T H O D S

Subjects and General Information Variables
A cross-sectional study was conducted with 412 women in the waiting list for gastroplasty. The eligibility of this study population occurred by convenience once this manuscript is the result of a subproject extracted from a larger study [14] , in which the number of participants was calculated. The eligibility criteria, the following were considered: women aged 20 to 45 years and Body Mass Indix (BMI), from 35 to 60kg/m2, The inclusion criteria considered the subjects who were not losing weight, and did not have any diseases or take any medications that affected energy metabolism and consequently the verification of under-reporting of energy intake, during the data collection. There were no patients who refused or gave up participating in the survey.
Age, anthropometric data, reported dietary intake, and physical activity data were collected after the women signed an informed consent form. The project was approved by the Ethics Committee accredited to the National Health Council, under protocol nº 3303-2009.
Anthropometric and Energy Expenditure Variables
The measurements of Height (H) and current Weight (W) were performed by the same researcher with the same stadiometer and the same digital body weight scale. The weight was measured in a digital scale of the brand FILIZOLA ® (Recife, Pernambuco, Brazil) with a maximum capacity of 350kg. For this measurement, the patient was instructed to stand, barefoot and with as few clothes as possible, remaining erect, feet together in the center of the platform, arms along the body, to avoid possible changes in reading the measurements [15] . The height was determined using the SECA ® (German Health Care Export Grup, Hamburg, Germany) vertical stadiometer with a 1.0mm scale. The patient was placed in the orthostatic position, head oriented in the Frankfurt plane, barefoot and, as far as possible, maintaining the heels, pelvic and scapular waists, and occipital region in contact with the device [15] . The Body Mass Index (BMI) of each patient was determined by body weight (kilos), divided by height (meters), squared.
The Resting Energy Expenditure (REE) was obtained through the predictive calculation described by Mifflin et al. [16] . According with Quesada [17] , this equation presented a lower variation (3.6%) of the predictive REE value in relation to the value of the direct REE method.
REE=(9.99xW)+(6.25xH)-(4.92xA)-161
At where: W = Weight (Kg).
H = Height (cm).
A = Age (years).
Food Intake Variables
The participants' food intake data were collected by three 24-hour dietary record (24HR) on nonconsecutive days, including a weekend day. To obtain the Reported Energy Intake (EI rep ), the patients were trained to fill in the information appropriately in their home, considering the details of all food, beverages and dietary supplements consumed on the day, as well as the types and quantities of the preparations. On return to the clinic, after 30 days of training day, nutritionists checked the items registered with the patients, clarifying the possible doubts. The EI rep was given by a compilation of national and international nutritional composition tables of foods described in the Pesquisa de Orçamentos Familiares (POF, Family Budgets Survey) by the Instituto Brasileiro de Geografia e Estatística (IBGE, Brazilian Institute of Geography and Statistics) [18] .
The tabulated foods were distributed into the five food groups as recommended by the first edition of the Guia Alimentar para a População Brasileira (GAPB, Brazilian Food Guide) [19] . Then the groups were divided into thirteen subgroups according to the foods' nutritional characteristics to increase analytical specificity (Chart 1).
Physical Activity Level-Related Variables
Physical Activity Level (PAL) data were obtained on the same days as 24HR using three physical activity reported. Subjects were asked to report all activities performed during the day, including the time spent in each activity. The information on time spent sleeping, type of commuting, physical activities performed at work, development of domestic tasks, leisure activities, sports and scheduled physical exercises performed throughout the day are recorded.
The PAL was calculated considering the time spent on each activity multiplying it by a factor derived from the metabolic equivalent (MET), described in the Dietary Reference Intakes (DRI) references [20] . Thus, for each activity, an energy cost was obtained, provided by an activity/energy expenditure conversion table that is multiplied by the time of physical activity. For the activities reported that were not in the DRI table, the compendium of physical activities [21] was used to convert these activities considering the equivalence in energy expenditure.
The women were classified by the Activity Factor (AF), corresponding to PAL ranges, according to the DRI [20] .
Determination of Energy Intake Under-reporting
Food intake under-reporting was determined by confronting the EI rep :REE ratio with the PAL. The cut-off point was defined according to equation of Goldberg et al. [4] , adjusted by Black [5] .
At where: CP = Cut-off point PAL = Physical Activity Level, according to the classification indicated by the DRI document. The dietary patterns of each group of women (all participants of study, plausible reporters, and under-reporters) were obtained by the contribution of daily energy intake reported (kcal/day) of each food subgroup consumed by each woman. The dietary patterns were identified by exploratory factor analysis, using principal component analysis with VARIMAX rotation to extract the number of factors (number of dietary patterns in each group of women). Factors with eigenvalues greater than 1.0 and factor loadings ≥|0.400| for each food subgroup, were considered significant in the matrix interpretation and dietary pattern naming [22] . The dietary patterns found for each group (all participants of study, plausible reporters, and under-reporters) were then compared.
In the descriptive analysis, the Kolmogorov-Smirnov test revealed the variables did not have normal distribution. The MannWhitney test compared the anthropometric and energy expenditure information, reported energy and nutrient intake variables between the two groups of women (plausible reporters and under-reporters). The Z-test was applied to verify if the average of energy and nutrient intake reported by plausible reporters and underreporters is different of the average reported by all participants of study. The significance level was set at 5% (p≤0.05). Table 1 showed the estimated anthropometric and energy requirements for the women participating in the study. The 412 obese women were classified as plausible reporters (#157; 38%) and under-reporters (#255; 62%) of energy intake. After excluding data from women who under-report their energy intake, the means of variables age and BMI of the women classified as plausible reporters did not present a difference (p>0.05) when compared to the values calculated for all the participants of study. However, the mean of the TEE-DRI, To determine the value of S, initially were found the coefficients of variation of the energy balance components as described in the equation below, which were inserted in equation before.
R E S U L T S
At where:
= Intra-individual coefficient of variation from the Reported Energy Intake. d = number of days of reported food intake.
CV
REE
= Intraindividual coefficient of variation from Resting Energy Expenditure (8.5% was assumed, based on the recommendations of Black [5] . The cut-off point value was compared with the EI reo : REE ratio of each woman, grouping the subjects as energy intake plausible reporters or under-reporters as proposed by Quesada et al. [17] .
Statistical Analysis
The statistical analyses were performed by the software Statistical Package for the Social Sciences (SPSS Inc., Chicago, Illinois, United States) version 21 for Windows (IBM Inc., Armonk, New York, United States).
The total daily intake of nutrients reported by women of study were corrected by intraand inter-individual variation using Analysis of Variance (ANOVA). Table 1 . General information of female food intake plausible reporters and under-reporters in the waiting list for bariatric surgery. Note: Subjects were classified as plausible reporters when the ratio of was equal or higher than the cut-off point. Subjects were classified as Under-reporters when the ratio of was lower than the cut-off point. The cut-off point was defined according to equation of Goldberg et al. [4] , adjusted by Black [5] Table 2 shows the factorial loads that determined the dietary patterns of all study participants and, after excluding information from under-reporters, describes the dietary patterns of plausible reporters. The name of the dietary patterns of all participants and for each group of women was based on the values > |0.400| of factorial loads.
The dietary patterns determined for all women in the study were defined by six factors selected by factorial analysis. For the groups of women classified as plausible reporters and under-reporters of energy intake, five factors determined the dietary patterns of each of the groups. The dietary patterns described for all participants explained 61.4% of the variance of the reported daily energy intake, while 53.7% and 51.7% of the variance explained the consumption of plausible reporters and underreporters, respectively (Chart 2).
All food subgroups presented a high contribution in the determination of the six dietary patterns described for all the women in the study (Chart 2). Only the subgroup of milk and dairy products was evidenced in two factors, describing two distinct dietary patterns: one composed of pasta, milk and dairy products and sweets (3rd factor), and the other by fruit and dairy products (5th factor). The first factor evidenced a dietary pattern composed of tubers and roots, meat products and processed foods, while food subgroups composed of breads and grains and beans were highlighted in the 2nd factor for all participants. The fourth factor described a dietary pattern composed of the food subgroups of fast foods and beverages in general, while the last factor (6) described a dietary pattern based on vegetables and leafy vegetables ( Table 2) .
By excluding the energy consumption information reported by the under-reporting Table 2 . Factor matrix of the scores that determined the general dietary patterns of the women in the waiting list for bariatric surgery and of the energy intake plausible reporters and under-reporters. women, it was found that the dietary subgroup of meat, seafood and eggs contributed to the determination of three different dietary patterns of plausible reporters. The First factor described a more heterogeneous dietary pattern, composed of tubers and roots, fruits, vegetables, meats, seafood and eggs and processed salted foods. In the 3rd factor, besides the contribution in this component of the subgroup of the meat, the leaf vegetables and fast foods also participated in the determination of this dietary pattern. The food subgroups of meat, beverages and fruits also contributed to the description of the 4th factor of plausible reporters. The fifth factor of plausible reporters described a dietary pattern based on simple carbohydrate food sources, composed of the subgroups of the pasta and sweets, and the food subgroup of milks and derivatives (Table 2) . Table 3 shows the difference in energy intake reported for each of the food subgroups and in the daily energy, macro and micronutrient values between the data of all the women in the study, plausible reporters and under-reporters.
The energy intake reported for the food subgroups of fruits, leaf vegetables and vegetables did not present difference (p>0.05) for all participants in relation to the plausible reporters. In these food subgroups, the energy values reported by the plausible reporters and under-reporters were also similar. However, for the other food subgroups, after the exclusion of the energy intake information reported by the under-reporters, it was found that the plausible reporters presented a higher energy intake in comparison to the values presented by all the participants.
By excluding the values of daily energy intake reported by under-reporters, it was found 
REE
Note: Subjects were classified as plausible reporters when the ratio of was equal or higher than the cut-off point. Subjects were classified as Under-reporters when the ratio of was lower than the cut-off point. The cut-off point was defined according to equation
of Goldberg et al. [4] , adjusted by Black [5] .
El rep REE Table 3 . Mean, standard deviation, median, and quartile daily energy intake from the food subgroups, and the energy and nutrient intakes of women in the waiting list for bariatric surgery. Note: Subjects were classified as plausible reporters when the ratio of was equal or higher than the cut-off point. Subjects were classified as Under-reporters when the ratio of was lower than the cut-off point. The cut-off point was defined according to equation of Goldberg et al. [4] , adjusted by Black [5] . 
D I S C U S S I O N
The study confirms that under-reporting of energy intake may influence the determination of dietary patterns of obese women in the waiting list for bariatric surgery. After the exclusion of information from women classified as under-reporting, a different combination of food groups was highlighted, determining new dietary patterns described for the group of women classified as plausible reporters.
Most women (#255; 62%) was classified as under-reporters of energy intake, this can be a critical factor in the differentiation of dietary patterns, by excluding this information in the factor analysis. The high proportion of under-reporting is notable, but it was already expected since overweight is one of the main characteristics of individuals who do not report energy intake correctly [8, 9, 23] . The use of predictive equations is one of the least accurate methods to estimate energy expenditure when compared to indirect calorimetry and doublylabeled water [24, 25] . However, a study of 100 women from this same population [17] found a similar prevalence of under-reporting of energy intake using indirect calorimetry (78%) and predictive equations (84%) thus the possibility of energy hypometabolism as the answer for the high proportion of women who under-reporting the energy intake is discarded.
The inconsistencies in the data of the Brazilian Food Consumption Table [18] , regarding the non-differentiation of the energy contribution in certain types of preparations (raw or cooked, fried or roasted), could explain a possible change in the cut-off point for the classification of women's groups, leading to a greater number of under-reporting women. However, studies [17, 26] identified a wide variation in the cut-off point for classification of plausible reporters and under-reporters, reaching proportions very similar to those found in this study. In addition, the high proportion of under-reporting women in this study may reflect the condition of these participants in the waiting list for bariatric surgery. Considering that obese individuals tend not only to under-reporting the energy intake, but also to over-reporting the daily energy expenditure [27, 28] , the probable over-reporting of the physical activity level evidenced in this study may have been another factor contributing to the imbalance of the women's energy balance equation of the research. However, the limitations on physical activity assessment questionnaires are cannot be ignored [29] .
Studies with factor analysis and clusters analysis have shown that the presence of errors in food intake reports may induce changes in the dietary patterns or in the food quantities described in the patterns, regardless of the percentage of individuals classified as underreporting of energy intake [30, 31] .
Among the dietary patterns defined for the plausible reporters of this study, only the dietary pattern that describes the traditional Brazilian consumption (2nd factor) was not influenced by under-reporting of energy intake. Rice and beans are consumed at regular times and more frequently, which facilitates the identification of the amount consumed. In addition, because it is the basis of the food consumption of the Brazilian population, it is assumed that there is no constraint in reporting the consumption closer to the real. A lower influence was also observed in the dietary pattern described by the consumption of foods rich in simple carbohydrates (pasta and sweets) and dairy products that changed to the 5th factor of plausible women reporters.
The pastas are not consumed regularly in main meals, while the report of the consumption of sweets could cause some embarrassment in the face of a supposed judgment of the professional evaluator. The other factors had different food subgroups that translated into new and more varied dietary patterns. The fact that plausible reporters describe more food items may represent a more varied and expected consumption for the western dietary pattern, while a smaller number of items in the underreporters patterns may reflect forgetfulness or even less consumption.
While the exclusion of information of a high percentage of under-reporting patients contributed to a new conformation of dietary patterns, the exclusion of a low percentage of under-reporting patients (16.3%) did not induce variations in the definition of dietary patterns, but in different contributions from certain food subgroups described in plausible reporters patterns [32] . The influence of underreporting of energy intake on dietary patterns determined by the clusters method were more prevalent in groups described as healthy [33, 34] and the exclusion of these individuals did not alter the contribution of the food group in the description of the cluster. However, by excluding under-reporters, the patterns described as mixed and western showed a high consumption of unhealthy food groups such as sausages, white bread, pastry, soft drinks and fast foods by plausible reporting participants [34] .
In terms of energy presented in the food subgroups, the highest mean values reported for most food subgroups of plausible reporters, except for the subgroups of fruits, leaf vegetables and vegetables, reflect the predilection for the omission of foods with high energy density and over-reporting of healthy foods by underreporting women, corroborating with other studies [23;35] . When considering macro and micronutrients, plausible reporters describe a higher consumption for carbohydrates, proteins, fats and fibers, but do not differ in the consumption of vitamin C, in relation to the data of all participants. By targeting the nutrients consumption to the dietary patterns determined for the plausible reporters, these nutrients can translate the derived food subgroups into the mixed pattern, evidenced in the 1st factor of this group of women.
Numerous studies are designed to verify the association between dietary patterns and health outcomes, especially obesity and cardiovascular diseases [11, 36, 37] . A question raised by the results of this study is pertinent to exclude data from under-reporters of energy intake from epidemiological studies that evaluate the dietary patterns of populations, aiming at reducing the bias of the results. Researchers investigating under-reporting in their studies emphasize that this variable may modify research results [2, 38] , and systematic errors caused by under-reporting of energy intake may affect the association between dietary patterns and diseases [32] , especially when evaluated in groups of overweight individuals, a common condition among under-reporters [8] [9] [10] 23] .
The women's situation at the time may have encouraged under-reporting, since failure to lose weight through clinical treatments is a justification for bariatric surgery, to which these women were candidates [17] . But one must also consider the societal trend of blaming the obese for their inability to lose weight, and in this case, under-reporting may have stemmed from the shame associated with reporting their real food habits [39] . This hypothesis is supported by plausible reporters' and under-reporters' significantly different energy intakes from different food subgroups, except for fruits, leaf vegetables, and vegetables (Table 3) , since they are recognized as healthy foods [23] .
C O N C L U S I O N
The results show that the underreporting of energy intake occurs selectively for foods with higher energy density, influencing the determination of dietary patterns and consequently modifying the order of the food groups that determine the factors and describe the patterns of consumption of plausible reporting women. Researchers should be aware of the conditions associated with the underreporting of energy intake in order to consider them in the statistical analysis of their studies, especially when the objective is to verify the relationship between dietary patterns and health status of the population. JE CORRENTE was responsible for the data analysis and interpretation; manuscript reviewing. I RASERA JUNIOR was responsible for the data interpretation; manuscript reviewing. NPP SOUZA was responsible for the study structuring and data collection. MRM OLIVEIRA was responsible for the study design; data interpretation; manuscript reviewing and approval of its final version. 
